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A compact, ground surface mounted WasteWater treatment 
unit module. The module is surface mounted on a selected 
substrate such as a scari?ed native soil. AWatertight receiv 
ing basin is located on the substrate. The basin is at least 
partially ?lled With a loWer layer of packing media, suitable 

(73) Assigneez GLENDON BIOFILTER TECH_ for support of biological groWth, and then With at least a ?rst 
NOLOGIES’ INC and a ?nal layer of a porous granular media. A standpipe 

introduces WasteWater to be treated, and such WasteWater is 
(21) APPL N0. 10/839’974 distributed to the packing at the loWer reaches of the basin. 

The WasteWater ?oWs up through the packing, and into the 
(22) Filed; May 6, 2004 ?rst layer of a porous granular media, and thence upwardly 

and outWardly via capillary action and molecular attraction, 
Related US, Application Data and ultimately though the ?nal porous granular media. 

Treated WasteWater is either collected or absorbed in an 
(60) Provisional application No. 60/553,819, ?led on Mar. absorption foot interface betWeen the ?nal medium and the 

16, 2004. native earth beloW. 
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COMPACT SURFACE MOUNTED ON-SITE 
WASTEWATER TREATMENT UNIT 

RELATED PATENT APPLICATIONS 

[0001] This patent application claims priority from prior 
US. Provisional Patent Application Ser. No. 60/553,819 
?led on Mar. 16, 2004, entitled Compact Surface Mounted 
On-Site WasteWater Treatment Unit, the disclosure of Which 
is incorporated herein in its entirety by this reference. 

COPYRIGHT RIGHTS IN THE DRAWING 

[0002] Aportion of the disclosure of this patent document 
contains material that is subject to copyright protection. The 
applicant no objection to the facsimile reproduction by 
anyone of the patent document or the patent disclosure, as it 
appears in the Patent and Trademark Of?ce patent ?le or 
records, but otherWise reserves all copyright rights Whatso 
ever. 

TECHNICAL FIELD 

[0003] This invention relates to apparatus for the treatment 
of WasteWaters, and in particular, to apparatus for the 
treatment of WasteWaters such as seWage via biological 
processes in on-site systems. 

BACKGROUND 

[0004] Methods and apparatus for the treatment and puri 
?cation of WasteWaters such as domestic seWage using a 
biological ?lter has been taught in my previous patents, 
namely US. Pat. No. 4,997,568, issued Mar. 5, 1991 for a 
Process and Apparatus for a Biological Reactor to Purify 
Water, US. Pat. No. 5,281,332 issued Jan. 25, 1994 for a 
System for Treating SeWage or Other Fluids, and US. Pat. 
No. 5,632,896, issued May 27, 1997, for a Method for 
Treating SeWage and Other Liquids; the disclosures of each 
one of the just mentioned US. patents is incorporated herein 
in their entirety by this reference. Since the time of devel 
opment of such devices, hoWever, seWage and Waste Water 
disposal requirements have continued to become stricter. 
And, the need for compact, highly ef?cient treatment sys 
tems at remote or dif?cult sites has groWn, especially as 
second homes are built at remote locations or dif?cult site 
speci?c issues, such as steep slopes or poor draining soils. 
Thus, the provision of systems for small scale, on-site 
seWage treatment has become increasingly important at 
remote locations Which are not served by seWers. This is 
especially true at locations Which are on or adjacent to 
sensitive areas, or Which are located Where the native soils 
are not conducive to installation of traditional drain ?elds for 
seWage treatment. Also, in order for traditional on-site septic 
systems to Work Well, certain minimum soil and ground 
Water conditions are necessary, and rather large lot siZes are 
often required. Locations meeting such requirements are 
becoming less and less available, and even When they are 
available, they are more and more eXpensive. Thus, there has 
been an increasing demand for high performance on-site 
seWage treatment systems, including for designs such as 
those Which are taught in my prior art patents that Were just 
noted above. 

[0005] HoWever, during the course of installation and 
maintenance of my prior art seWage treatment systems, I 
have noted an increasing and as yet still unmet need for a 
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still more compact high performance on-site seWage treat 
ment system. I have also noted a need for a system Which 
eliminates the need to dig a hole into the native soil in order 
to install the apparatus. And, in some situations, it Would be 
advantageous for an on on-site WasteWater treatment unit to 
be suitable for relocation to another spot on the same 
property, or to another piece of land at another location. 
Moreover, many of the compact aerobic residential on-site 
seWage treatment systems sold by others have unacceptably 
loW performance, even When relatively neW, as shoWn by 
various studies such as described by the article entitled 
“Aerobic Residential Onsite SeWage Systems: An Evalua 
tion of Treated-Effluent Quality,” by M. MaX?eld, et al, in 
Journal of Environmental Health, October 2003, pp. 14-19. 
In that study, in Which samples from 184 residences With 
on-site seWage treatment systems Were tested (and in Which 
seventy seven percent (77%) of the units Were less than one 
year old), it Was shoWn that over a third of the three common 
brand name units installed, namely Multi-FloTM, Nor 
WeCoTM, and WhiteWaterTM brand systems, failed to meet 
the National Sanitary Foundation (NSF) certi?cation stan 
dards for biological oXygen demand (BOD5) and total 
suspended solids (TSS) in the treated effluent. And, over 
tWo-thirds of the systems failed to meet the Washington 
State Board of Health Treatment Standard 2 for BOD5 and 
TSS. Furthermore, an average of 59% of the systems failed 
to meet Washington State standards for fecal coliform in the 
treated effluent. Consequently, there still remains an as yet 
unmet need for a compact, high performance on-site Waste 
Water treatment apparatus Which produces nearly undetect 
able levels of the common seWage contamination parameters 
including odor, fecal coliform bacteria, biological oxygen 
demand, and total suspended solids, and Which produces a 
puri?ed Water product that can be disposed of Without 
concern for human contact or environmental pollution. 

BRIEF DESCRIPTION OF THE DRAWING 

[0006] In order to enable the reader to attain a more 
complete appreciation of the invention, and of the novel 
features and the advantages thereof, attention is directed to 
the folloWing detailed description When considered in con 
nection With the accompanying ?gures of the draWing, 
Wherein: 

[0007] FIG. 1 provides a vertical cross-section vieW of a 
prior art on-site WasteWater treatment system Which gener 
ally employs the principles taught by my prior art patents 
listed above. 

[0008] FIG. 2 provides a vertical cross-section vieW of my 
neW WasteWater treatment system, shoWing modi?cations 
and improvements to the septic tank and the pump tank, and 
also noW including a novel surface mounted ?nal WasteWa 
ter treatment module Which incorporates a surface mounted 
basin, a standpipe for receiving WasteWater to be treated, a 
distribution pipe situated in the basin and connected to the 
standpipe for receiving and distributing WasteWater to be 
treated, a packing in the basin for alloWing biological 
treatment, a ?rst or coarse screen above the packing in the 
basin, a second or ?ne screen above the coarse screen, Which 
coarse screen is suitable for retaining thereabove a coarse 
sand layer located Within the basin, and a medium sand layer 
in the basin above the coarse sand layer, and additional 
medium sand extending vertically and laterally beyond the 
basin so as to provide a sloping outer sideWall along the 
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sides and along the ends of the basin, and where the sloping 
sidewall extends downward toward and in most suitable 
situations to the native soil, so that an absorption footprint 
is provided for transport of the treated wastewater to the 
native soil. 

[0009] FIG. 3 provides a partial exploded perspective 
view of some of the elements included in my ?nal surface 
mounted wastewater treatment module, including a water 
tight basin having an upper over?ow rim, and in this case, 
wherein the basin is mounted on scari?ed native soil, and a 
standpipe for receiving wastewater to be treated, a distribu 
tion pipe situated in the basin and connected to the standpipe 
for receiving and distributing wastewater to be treated, a 
packing in the basin for allowing biological wastewater 
treatment, an upper coarse screen above packing in the 
basin, a ?ne screen above the upper coarse screen, the ?ne 
screen suitable for retaining thereabove a coarse sand layer, 
then a coarse sand layer above the ?ne screen and within the 
basin, and then a medium sand layer in the basin above the 
coarse sand layer, and additional medium sand extending 
vertically and laterally beyond the basin so as to provide a 
sloping outer sidewall along the sides and along the ends of 
the basin, and where the sloping sidewall extends downward 
toward and in most suitable situations to the native soil, so 
that an absorption footprint is provided for transport of the 
treated wastewater to the native soil. 

[0010] FIG. 4 is an enlarged vertical cross-sectional view, 
similar to that ?rst shown in FIG. 2, but now showing in 
detail the path of wastewater through the compact surface 
mounted ?nal wastewater treatment module, from the inlet 
transport line, to the standpipe for receiving wastewater to 
be treated, to the distribution pipe situated in the basin and 
connected to the standpipe for receiving and distributing 
wastewater to be treated, to the packing in the basin for 
allowing biological treatment, through the ?rst or coarse 
screen above the packing in the basin, then upward through 
the second or ?ne screen above the coarse screen, then 
upward through a ?rst media layer which in one embodi 
ment is provided by way of a coarse sand, and then upward 
within the basin through a second media layer which in one 
embodiment is provided by way of a medium sand, then 
upward and outward over the rim of the basin and thence 
through at least one media layer to an outer layer, which in 
one embodiment can be provided by further addition of a 
medium sand to and above the second media layer, and then 
further outwardly and downwardly through the at least one 
outer media layer, and thence through an absorption foot and 
into the native soil below. 

[0011] FIGS. 5 and 6 show how the ?nal treatment 
module is situated in essentially level ground, i.e., locations 
in which the ground slopes from about 0 to about 5%, 
wherein the entire area below the outer media layer and 
external to the basin is available as an absorption foot. 

[0012] First, FIG. 5 provides a plan view footprint of the 
basin as mounted on-site at the surface above a scari?ed 
native soil, and illustrates use of a suitable sand to provide 
an absorption footprint extending outwardly from the basin 
along an absorption length and an absorption width, to 
provide a selected absorption area, which absorption area is 
equal to the absorption width times the absorption length, 
less the basin width times the basin length. 

[0013] Next, FIG. 6 provides a vertical cross-section view 
of the basin just illustrated in FIG. 5, when the ?nal 
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wastewater treatment unit is surface mounted on native soil, 
showing the use of a suitable sand on native soil to provide 
an absorption width below the basin and mound. 

[0014] FIGS. 7 and 8 show how the ?nal wastewater 
treatment module is situated in sloping ground, i.e., loca 
tions in which the ground slopes from about 5% to about 
20%. 

[0015] FIG. 7 provides a plan view footprint of the ?nal 
wastewater treatment unit including a basin as mounted on 
native soil in sloping ground, and illustrates use of a suitable 
sand to provide an absorption footprint extending outwardly, 
both downhill from the basin along an absorption length and 
for an additional ?ve feet in the uphill direction, and along 
an absorption width, to provide a selected absorption area. 

[0016] Next, FIG. 8 provides a vertical cross-section view 
of the ?nal wastewater treatment unit and basin as just 
shown in FIG. 7, with the basin surface mounted in a 
sloping location in native soil, showing how the basin is 
lodged on the slope, and also showing the use of a suitable 
sand on native soil to provide an absorption area. 

[0017] FIG. 9 is a perspective view of one embodiment of 
a suitable packing for the ?nal treatment module, which in 
one embodiment can be provided in one-half inch long 
sections of thin wall plastic pipe such as polyvinyl chloride 
(PVC) or the like. 

[0018] FIG. 10 is a side view of the packing just illus 
trated in FIG. 9. 

[0019] FIG. 11 is a perspective view of one embodiment 
of the ?nal wastewater treatment module for a compact 
surface mounted wastewater treatment system during con 
struction, when utiliZing an impervious liner below the basin 
and an external collection pipe, such as may be used for 
collection of the treated effluent for reuse. 

[0020] FIG. 12 is a perspective view of one embodiment 
of a ?nal wastewater treatment module during system con 
struction, showing the basin after having been ?lled to the 
extent described for one embodiment herein with a suitable 
packing such as that of the type shown in FIG. 9, for 
biological treatment of the wastewater. 

[0021] FIG. 13 is a perspective view similar to that just 
shown in FIG. 12 above, but now showing the addition of 
a ?rst screen layer, such as may be provided by a “window 
screen” siZe of screening synthetic fabric. 

[0022] FIG. 14 is a perspective view similar to that just 
shown in FIGS. 12 and 13, but now showing the addition 
of a second screen layer, such as may be provided by a 
“bridal veil” siZe of screening synthetic fabric, which second 
screen layer is sufficiently small in siZe so as to substantially 
prevent the migration of the ?rst media layer, such as a 
coarse sand, downward through the second screen layer. 

[0023] FIG. 15 is a perspective view similar to those 
shown in FIGS. 12, 13, and 14, now showing the addition 
of the ?rst media layer of coarse sand which has in this 
embodiment been added above the second screen layer. 

[0024] FIG. 16 is a perspective view of a ?nished surface 
mounted on-site ?nal wastewater treatment module, show 
ing how the ?nal media layer is provided upward and 
outward from the basis to provide for transport of treated 
effluent upward from the basin and thence downward and 
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outward toward either a collection system as ?rst illustrated 
in FIG. 11 above, or to an absorption foot in contact With 
native earth, as illustrated in FIG. 4 above. 

[0025] FIGS. 17, 18, and 19 illustrate various embodi 
ments Which may be utiliZed for enhancing the quality of the 
?nal treated effluent, especially With respect to reduction of 
nitrates in the treated effluent. 

[0026] In FIG. 17, the use of an air bubbling system in the 
second compartment of a tWo compartment septic tank is 
illustrated, Wherein a packed bed is provided for upWard 
contact betWeen air bubbles and the effluent being treated. 

[0027] In FIG. 18, the use of an extended aeration media 
surface such as a rectangular outdoor rug is shoWn, Wherein 
the extended aeration media surface is affixed to one or more 
Walls of the pump tank, and Wherein a portion of the effluent 
to be treated is sprayed toWard the upper end edge of the 
extended aeration media surface and is then alloWed to 
trickle toWard the bottom of the pump tank. 

[0028] In FIG. 19, instead of using an extended aeration 
media surface as just illustrated in FIG. 18, the effluent to be 
treated is sprayed against one or more sideWalls of the pump 
tank, and is then alloWed to trickle toWard the bottom of the 
pump tank. 

[0029] In FIG. 20, the construction details of the packed 
column treatment device ?rst shoWn in FIG. 17 above are 
described, noW shoWing in this embodiment a centrally 
located air supply tube, Which delivers air to an air delivery 
sparge, and a column housing as may be provided in PVC or 
other suitable materials. 

[0030] FIG. 21 shoWs the use of three on-site surface 
mounted ?nal WasteWater treatment units operating in par 
allel, With the units placed on an impervious concrete slab 
With internal collection trenches, so that the treated ef?uent 
can be collected for reuse, for example, for irrigation ser 
vice. 

[0031] In FIG. 22, a vertical cross section of the three 
on-site surface mounted ?nal WasteWater treatment units just 
illustrated in FIG. 21 is provided, taken as if looking at 
section 22-22 of FIG. 21. 

[0032] FIG. 23 shoWs in further detail the use of a high 
level alarm such as a ?oat in the standpipes just illustrated 
in FIG. 21. 

[0033] The foregoing ?gures, being merely exemplary, 
contain various elements that may be present or omitted 
from actual implementations and process con?gurations of 
the WasteWater treatment apparatus and process system 
taught herein, depending upon the circumstances. An 
attempt has been made to draW the ?gures in a Way that 
illustrates at least those elements that are signi?cant for an 
understanding of the various embodiments and aspects of 
the invention. HoWever, various other elements of unique 
WasteWater treatment apparatus are also shoWn and brie?y 
described to enable the reader to understand hoW various 
features, including optional or alternate features, may be 
utiliZed in order to provide an highly ef?cient, high ef?uent 
Water quality in a compact, on-site, surface mounted Waste 
Water treatment system that can be provided in a desired siZe 
and con?guration for providing a long lasting and ef?ciently 
performing on-site WasteWater treatment units. 
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DETAILED DESCRIPTION 

[0034] An improved apparatus and method for treatment 
of WasteWater, and especially for the on-site treatment of 
residential, is described and claimed herein. More speci? 
cally, the improvement described herein is to a treatment 
system Which uses (1) an septic tank having tWo compart 
ments, (2) an intermediate pump tank, and (3) a ?nal 
biological WasteWater treatment module Which has a very 
small physical volume per gallon per day of in?uent Waste 
Water to be treated, While nevertheless providing high qual 
ity treated ef?uent. Referring to FIG. 1, Where one prior art 
system is depicted using the principles disclosed in my prior 
art patents identi?ed above, a raW WasteWater or seWage 
effluent is discharged (reference arroW 20) into septic tank 
22 from indoor ?xtures 24 via discharge conduit 26. A 
conventional cleanout system 28 is normally provided. To 
enhance performance, septic tank 22 may be provided as a 
tWo compartment septic tank having ?rst 30 and second 32 
compartments, so that How (reference arroW 34) exits ?rst 
compartment 30 and enters (reference arroW 36) the second 
compartment for treatment. Effluent (reference arroW 38) 
from the second compartment 32 transits through an outlet 
screen 40 and passages through septic tank outline line 42 
and into pump tank 44. A pump 46 discharges WasteWater 
via transport line 48 to a basin 50. As depicted in this FIG. 
1, prior art treatment units included a basin 50 that Was 
recessed a distance D into the ground 52, With the distance 
D often running in the range of about tWo feet to about four 
feet, more or less, depending upon the dimensions of the 
basin and the treatment system capacity, as Well as the soil 
type. In that prior art design, the rim 54 of the basin 50 must 
be placed a suitable and variable preselected distance above 
the receiving surface 56 of the native earth 58. In such prior 
art systems, the basin 50 has typically been provided With a 
cement basin having an impermeable liner that prevented 
leakage of incompletely treated WasteWater to the ground 52 
beloW the basin 50. Basins 50 are heavy, not economically 
transportable or moveable for long distances, and thus, are 
not suitable for being sold as a package unit for long distance 
delivery to remote sites. 

[0035] Turning noW to FIG. 2, a novel, compact ground 
surface 60 mounted ?nal WasteWater treatment module 62 
has been provided. In addition, improvements have been 
made in the pretreatment system 63, including the revised 
septic tank 22‘ and the revised pump tank 44‘. Such a ?nal 
WasteWater treatment module has been mounted on scari?ed 
surface 64 of native earth 66. A substantially Water imper 
meable basin 68, Which may be provided in concrete similar 
to basin 50 discussed above, but Which in another embodi 
ment may be manufactured of lightWeight ?berglass rein 
forced plastic (FRP) or other suitable plastic or lightWeight 
formable or moldable substance, is provided. As better seen 
in FIGS. 3 and 4, basin 68 includes a bottom 70 having a 
loWer outer surface 70L and an upper inner surface 70U, 
upWardly extending sideWalls 72, and an upper peripheral 
rim 74, over Which WasteWater ?oWs outWardly from the 
basin in the direction of reference arroWs 76 (see FIG. 2). As 
noted in FIG. 4, the basin 68 has a rim 74 height HR Which 
may vary above the scari?ed surface 64 of the native soil 66. 
In many applications, a loW pro?le height of about 30 inches 
Will be adequate, but of course, the siZe and height HR may 
vary depending upon soil type (i.e, Whether the soil is type 
1, 2, 3, 4, 5, or 6) in that different soils absorb Water at 
varying rates, so the geometry may be altered accordingly. 
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A plurality of units of at least one mass transfer packing 
media 80 is provided. Typically, a length LM (see FIGS. 9 
and 10) of one-half inch long sections of one-half inch 
diameter thin Wall PVC (polyvinylchloride) pipe is adequate 
for such media, but any of one of conventional media, 
including the raschig ring shape as just noted or one of the 
variations of similar packing that is suitable for supporting 
groWth of biota and as is knoWn to those of ordinary skill in 
the art and to Which this speci?cation is addressed, may also 
be utiliZed to perform the necessary function of providing a 
surface for groWth of biological organisms to proves the 
WasteWater transiting through such media. The packing 
media 80 provides sites for biological groWth Without plug 
ging of media 80, so that at least a portion of the organic 
matter in the WasteWater may be consumed by said biologi 
cal groWth. Thus, the medium is provided as packing Within 
the loWer portion of basin 68 for a depth H1, as noted in FIG. 
4. The selected packing 80 is siZed and shaped to comprise 
a surface area adapted to support the groWth of biological 
organisms thereon, and resulting, When packed together, in 
a void space Within the mass transfer packing 80. This is 
quite important, as primarily due to the packing 80, I have 
found such a siZe and shape advantageous, since the void 
area is considerably larger than is the case With large gravel 
packed beds previously utiliZed in prior art devices. Prefer 
ably, the solid volume occupied by the packing 80 itself is 
less than about 33% of the total volume of space ?lled by the 
packing 80, and more preferably, the solid volume occupied 
by the packing itself is less than about a 15% of the volume 
occupied by the packing itself, and yet more preferably, the 
solid volume occupied by the packing itself is less than 
about 5% of the space ?lled by the packing 80 itself, or even 
more preferably less than about 4% of the spaced ?lled by 
the packing 80 itself. This void space percentage is a key 
measure Which alloWs compact unit operation and Which is 
uniquely provided in the present invention. By Way of 
comparison, the prior art system shoWn in FIG. 1 and 
discussed above and having a gravel ?ll in the basin 50 has 
a basin 50 volume of about 2.2 cubic feet per gallons of 
in?uent per day to be treated, Whereas in the present 
invention, the basin 68 has a volume of about 1.0 cubic feet 
per gallon of in?uent per day to be treated. Yet, the residence 
time of in?uent liquid in the prior art system and in the 
present invention are comparable, With such residence time 
being about 1 hour per gallon per day of treatment capacity; 
the improved treatment module 62 utiliZes a residence time 
of about 120 hours for a capacity of 120 gallons of in?uent 
to be treated per day, Whereas the prior art con?guration 
illustrated in FIG. 1 utiliZes a residence time of about 134 
hours for an equivalent 120 gallons of in?uent per day 
capacity. In each of the prior art and the improved treatment 
module 62 designs, the peripheral rim 74 of basins 50 or 68 
Will alloW the treatment modules to provide acceptable 
treatment of in?uent WasteWater When a rim 74 length of 
about 1 foot or more is provided for each four gallons per 
day of in?uent capacity. 

[0036] Next, a standpipe 90 usually but not necessarily 
oriented substantially vertically is provided, and a distribu 
tor pipe 92 is provided at the loWer end 91 of standpipe 90 
and in ?uid communication With the standpipe 90, are 
provided. The standpipe 90 is mounted to doWnWardly direct 
WasteWater to be treated toWard the distributor pipe 92. The 
distributor pipe 92 is mounted at or just above the upper 
bottom surface 70U of the basin 68. The distributor pipe 92 

Sep. 22, 2005 

includes a plurality of discharge outlets 94 adapted to 
discharge WasteWater therefrom (see reference arroWs 96 in 
FIG. 2) so that the WasteWater 96 reaches the mass transfer 
packing media 80. For many applications, a four inch siZe 
PVC standpipe 90 and a four inch siZe PVC distributor pipe 
92 are suf?cient, especially for stand alone single house 
on-site seWage treatment systems. 

[0037] Mounted above packing 80 and at least substan 
tially covering an area interior to the peripheral rim 74 of the 
basin 68, at least one screen layer 100 is provided (see 
FIGS. 3, 13, and 14). The at least one screen layer 100 has, 
as a minimum the ability to substantially prevent a granular 
media such as coarse sand 102 of preselected siZe from 
doWnWardly penetrating the at least one screen 100 to reach 
the mass transfer packing 80, so as to protect the mass 
transfer packing media 80 against receipt of granular media 
thereon. In one embodiment, as illustrated in FIG. 3, the at 
least one screen 100 includes a coarse screen 104 and a ?ne 

screen 106. The application of a coarse screen 104 above 
packing 80 is shoWn in FIG. 13. As shoWn in FIG. 14, I 
have found it advantageous to utiliZed, as ?ne screen 106, a 
“bridal veil” synthetic fabric material, Which material is 
placed over the coarse screen 104 as shoWn in FIG. 14. Each 
of the at least one screens 100, or 104 and 106 as may be 
provided, may include a suitably located central aperture 
de?ned by an interior edge line 108 or 108 A, respectively, 
for passage therethrough of standpipe 90, Whose outer 
circumference should be of comparable dimensions to the 
siZe of edge line 108 or 108A. 

[0038] I have also found it advantageous for the compact 
ground surface mounted up?oW aerobic treatment unit 62 as 
described herein to also include, as shoWn in FIG. 14, above 
the at least one screen layer 100, a ?rst granular media 110 
of preselected siZe, Which as shoWn for the embodiment 
illustrated in FIG. 23 can be coarse sand. Then, as also 
shoWn in the embodiment depicted in FIG. 3, a second 
granular media 112 of a second preselected siZe is provided; 
this can be a medium sand, as shoWn, or alternately might be 
a ?ne sand. In any event, there is a ?rst layer of media, 
usually granular such as sand, and a ?nal layer of media, 
usually granular such as sand of a selected siZe. The ?nal, or 
as depicted in FIG. 3, the second granular media 112 
eXtends upWard to a top surface portion 114. The preselected 
siZe of each succeeding granular media in a number N 
(Where N is a positive integer) of media layers is, for the 
embodiments illustrated, smaller than the preselected siZe of 
the previous or N—1 media layer. As mentioned above, 
normally, the ?rst granular media 110 can be made up of 
coarse sand. In such cases, the second granular media 112 
can be provided as medium sand. 

[0039] Note in FIG. 2 and in FIG. 4 that the standpipe 90 
has an upper end 120, and the standpipe 90 eXtends verti 
cally for a distance suf?cient that the upper end 120 eXtends 
above the top surface 114 of the ?nal granular media, Which 
is a second media layer of medium sand 112 as depicted in 
FIGS. 2 and 4. As shoWn in FIGS. 2 and 4, the ?nal 
granular media, here, second media 112, eXtends laterally 
outWardly from said basin to a peripheral edge portion 122. 
As shoWn in FIG. 4, the peripheral edge 122 adjoins 
scari?ed surface 64 of the native earth 66. As seen in FIGS. 
5, and 6, for systems 62 mounted on ?at ground, the 
peripheral edge 122 de?nes, inWardly of the peripheral edge, 
an absorption area or “foot” portion that provides a pathWay 
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for treated WasteWater to enter the native soil 66 therebeloW. 
In contrast to the prior art system shoWn in FIG. 1 above, in 
the present invention, the entire gross absorption area, that 
is the absorption area AL times the absorption Width AW is 
available for in?ltration of treated liquid, and no deduction 
in alloWable area need be made for the area occupied on the 
soil surface by the basin of length BL and Width BW. Thus, 
While in prior art, the basin 50 Was recessed into the earth, 
the ability to locate the present system on the surface 64 of 
earth 66 means that gross absorption area can be utiliZed, 
rather than net absorption area, for purposes of determining 
availability of in?ltration soil. Also, as seen in FIGS. 7 and 
8, When mounted on a sloping location, in prior art, the 
absorption foot Was only be considered to include the area 
doWnhill of the centerline 130 of basin 50, Whereas With the 
present invention, an area having a Width AU on the uphill 
side of basin 68 can additionally be utiliZed for calculating 
absorption area. 

[0040] I believe it to be advantageous, for packaging and 
transport of the treatment unit 62, before installation, to 
manufacture the basin 68 in a lightWeight, moldable mate 
rial. In one embodiment, basin 68 can be manufactured in a 
moldable plastic. In another embodiment, a ?berglass rein 
forced plastic may be utiliZed. 

[0041] Overall, the compact ground surface mounted bio 
logical treatment unit 62 described herein is con?gured for 
up?oW movement of WasteWater, such that the WasteWater 
fed to the treatment module 62 ascends from the basin 68 
through said ?rst mass transfer media 80, and thence over 
the peripheral rim 74 of the basin 68, and then into either a 
second or other selected one of N layers of media such as 
second granular media 112. 

[0042] In the case of in?uent having levels of nitrates 
Which may need additional treatment to attain a desired 
ef?uent treatment standard, there are a number of methods 
for providing such treatment in addition to the process and 
apparatus already described. Thus, the WasteWater treatment 
system as already described may further include a nitrate 
treatment step or unit. 

[0043] As illustrated in FIG. 2, the nitrate treatment unit 
includes a recycle line 150 from the pump tank 44‘ to the tWo 
compartment septic tank 22‘. The tWo compartment septic 
tank 22‘ has a riser 152 With a lid 154 above the ?rst 
compartment 30 in the septic tank 22‘. A Water permeable 
container such as sack 160 having therein a plurality of 
packing media such as media 80 is provided Within the sack 
160 in the riser 152. A recycle line 160 provides recycled 
WasteWater from the pump tank 22‘, and the WasteWater is 
discharged on to the packing media 80 Wherein nitrate 
concentration in treated effluent from said system is reduced 
such as by Way of exposure to air and oxidation directly or 
indirectly. As noted above, in one embodiment, packing 80 
may be provided by Way of 1/2 inch lengths of 1/2 inch 
diameter PVC pipe. 

[0044] The system shoWn in FIG. 17 provides nitrate 
treatment unit by Way of an air sparged submerged packed 
column 170 in the second compartment 32 of the tWo 
compartment septic tank 22‘. As better seen in FIG. 20, the 
air sparged packed column 170 has, in one embodiment, an 
outer cylindrical PVC shell 172, a loWer retaining screen 
174, an air line 176 running from an air pump 178 to a 
discharge opening 180 located adjacent the loWer retaining 
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screen 174, and a plurality of packing media such as media 
80 the retaining screen 174 and contained Within the PVC 
shell 172. As illustrated for this embodiment, the packing 
media 80 is made up of a plurality of packing pieces of 1/2 
inch lengths of 1/zinch diameter PVC pipe. 

[0045] Also, as shoWn in FIGS. 17 and 18, in one 
embodiment, a suitable nitrate treatment unit includes a 
recycle line 160 from the pump tank 44‘ to a spray noZZle 
200 in the riser 152 in the ?rst compartment 30 of the tWo 
compartment septic tank 22‘. Liquid in line 160 may be 
supplied by a single pump 46 using a How splitter 204, or 
With an independent second pump 46A as seen in FIGS. 18 
and 19. The spray noZZle 200 is oriented so as to aereate 
recycled WasteWater 202 discharged from the spray noZZle 
200 into the ?rst compartment 20 of the septic tank 22‘. 

[0046] In yet another embodiment shoWn in FIG. 18, the 
nitrate treatment unit is provided by Way of an extended 
surface media 210 on at least one interior 212 Wall of the 
pump tank 44‘. A recycle line 214 is provided Within the 
pump tank 44‘. The recycle line 214 provides WasteWater 
216 from said pump tank 44‘ and discharges the WasteWater 
at noZZle 218 on to the extended surface media 216 in the 
pump tank 44‘. An ori?ce 220 or other suitable ?oW splitter 
may be utiliZed to accomplish the split ?oW requirement. As 
illustrated in this embodiment, the extended surface media 
210 can be provided in the form of a decomposition resistant 
outdoor rug. 

[0047] In those situations normally encountered, the in?u 
ent to the WasteWater treatment system normally includes 
suspended particulates. The suspended particulates are sub 
stantially physically removed from WasteWater by a number 
N (Where N is normally tWo or more) of preselected granular 
media portions. 

[0048] More generally, it should be kept in mind When 
revieWing this speci?cation and the meaning of the claims 
beloW that the media 80, Whenever used, maybe in the form 
of a raschig ring or similar packing, and may be provided in 
short pipe sections. The material for such pipe may be 
selected from the group consisting of (a) polyvinylchloride, 
and (b) high density polyethylene. While they have been 
described as being furnished in shapes and siZes of approxi 
mately one-half inch long and in pipe sections are approxi 
mately one-half inch in diameter, this is just for reference 
With respect to performance seen in the experimental test 
unit Which underWent extensive evaluation, and is not 
intended to limit practice of this claimed invention to this 
siZe and shape, but merely for exemplary purposes. 

[0049] Turning noW to FIGS. 21, 22, and 23, it can be seen 
in FIGS. 21 and 22 that a plurality of WasteWater treatment 
modules 62 can be provided on a common impervious 
substrate, such as a concrete slab 230, Where capture and 
collection of treated ef?uent is desired for further discharge 
or reuse, rather than ground recharge through absorption into 
native earth. Where collection is practiced, a curb 232 may 
be provided at the perimeter of slab 230, and collection 
trenches 234 may be utiliZed for easy collection of treated 
ef?uent for discharge to a pump tank 238, Where the treated 
ef?uent may be pumped via pump 239 to a desired use such 
as landscape irrigation 240. Aplurality of WasteWater treat 
ment modules 62 can be provided using a plurality of basins 
68. As shoWn in FIG. 21, three WasteWater treatment 
modules 68 are provided. And as further detailed in FIG. 23, 
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each basin can include a standpipe 90 having a level sensor 
242 for sensing liquid level 244, for providing a control 
input to control panel 246 and regulate WasteWater input 
rates to the treatment system. 

[0050] The apparatus described herein is useful in a 
method of treating WasteWater in a compact, on-site treat 
ment system of the type in Which WasteWater is processed in 
a septic tank and then in a treatment bed module. Impor 
tantly, the process improvement of the development 
described herein is characteriZed in that the aerobic treat 
ment process includes providing in one embodiment a 
Watertight basin 68, Wherein the Watertight basin 68 is 
situated on a scari?ed surface 64 of a native soil 66. Water 
is directed from the septic tank to the standpipe, and thence 
to the distributor pipe. The WasteWater is alloWed to move 
upWard through the mass transfer packing media 80 and 
thence over the peripheral rim 74 of the basin 68. The 
WasteWater is alloWed to migrate into the ?rst media portion 
110, and thence to a ?nal media portion, Which, as depicted 
in FIG. 2, is media 112, Without saturating all of the ?nal 
media portion 112 With said WasteWater. The treated Waste 
Water is alloWed to How from the ?nal media portion 112 
into said native soil 66. The WasteWater is effectively treated 
for removal of organic matter, so as to provide a treated 
WasteWater effluent. This is especially borne out by the 
detailed analytical data of testing shoWn in TABLE 1. In 
TABLE 1, it is clearly shoWn that BOD, Fecal Coliform, 
T55, and Ammonia Nitrogen are efficiently and effectively 
controlled by the compact treatment module 62 described 
herein. Thus, it can be said that the mass transfer packing 
medium 80 provides sites for biological groWth Without 
plugging of the medium, so that at least a portion of the 
organic matter in the WasteWater may be consumed by said 
biological groWth. As the test data Was actual data taken 
from an on-site residential application, the seWage treatment 
value is self evident. 

[0051] Importantly, When using the apparatus and method 
taught herein, the treated WasteWater effluent can be dis 
charged for reuse. Treated WasteWater can be absorbed in an 
absorption foot interface betWeen the ?nal medium and the 
native earth. For eXample, the treated WasteWater can be 
directed into the scari?ed native earth, for recharge of local 
groundWater. Or, the free liquid can be collected into a 
storage device for reuse. Alternately, the treated WasteWater 
effluent can be reused for landscape irrigation. 

[0052] Although the coarse sand, medium sand, and 
optional ?ne sand can be of various preselected siZes, those 
of ordinary skill in the art and to Whom this disclosure is 
directed Will be able to effectively evaluate and select the 
same. For example, in one case, Well Washed sand With 
effective particle siZe <0.80-2.00 mm and a uniformity 
coef?cient <15, can be utiliZed Without clogging through a 
fabric separator or screen 100. Then, a still ?ner medium 
Washed sand With an effective particle siZe <0.50-0.60 mm 
and uniformity coef?cient of <1.6 can be used. 

[0053] Water produced from seWage by this invention has 
nearly undetectable levels of the common seWage contami 
nation parameters including odor, fecal coliform bacteria, 
biological oXygen demand and suspended solids. The puri 
?ed product can then be disposed of Without concern for 
human contact or environmental pollution. It can be reused 
for household, industrial or irrigation purposes or, dis 
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charged safely as normal surface precipitation run-off into 
storm seWers, ditches, streams or lakes. No separation or 
setback distances need be provided from Wells, surface 
Water, buildings or property lines, nor does it need particular 
soil or ground Water conditions, as do standard systems. 

[0054] Further details con?rming performance of my neW 
system can be appreciated by a revieW of the test data Which 
Was obtained during an eXtensive on-site test, as Well as 
comparing such data to the performance achieved by prior 
art systems similar to those described in my earlier patents 
referenced above. First, in TABLE 1, a summary of Labo 
ratory Results and a statistical analysis is provided for the 
treatment of an “in?uent” raW WasteWater from a residential 

site in Poulsbo, Wash. by my neW “MODEL M32” Waste 
Water treatment system as described and claimed herein. 
TABLE 1 also shoWs the “effluent” treated WasteWater 
discharged from the system. Treatment results for BODS, 
T55, and fecal coliform (CFU) are provided. Second, in 
TABLE 2, further details of data are provided from testing 
of my “MODEL M32” as described and claimed herein. 
Finally, in TABLE 3, performance data is provided from 
earlier testing of prior art system “MODEL M31” of the type 
as described in the prior art system depicted in FIG. 1. 
Importantly, comparable treatment performance is noW 
available in a treatment system Which does not require 
eXcavation for placement of a basin or similar treatment 
container; rather, as depicted especially in FIGS. 2 and 4 
herein, my neW “MODEL M32” system alloWs placement of 
the treatment system mound “on grade”. This simpli?es 
criteria for location of such systems, and also makes them 
easier to move in situations Where location to neW under 
lying absorption earth is desirable. 

[0055] Although various aspects and elements of the 
invention are herein disclosed for illustrative purposes, it is 
to be understood that the soil surface mounted up?oW ?nal 
WasteWater treatment module as described herein is an 
important improvements in the state of the art of structures 
and materials for treating WasteWater on small, on-site 
treatment systems. Although only a feW eXemplary aspects 
have been described in detail, various details are suf?ciently 
set forth in the ?gures of the draWing and in the speci?cation 
provided herein to enable one of ordinary skill in the art to 
make and use the invention(s), Which need not be further 
described by additional Writing in this detailed description. 
Importantly, the aspects and embodiments described and 
claimed herein may be modi?ed from those shoWn Without 
materially departing from the novel teachings and advan 
tages provided as described herein, and may be embodied in 
other speci?c forms Without departing from the spirit or 
essential characteristics thereof. It is especially pointed out 
that the siZe, and shape of the basin, and the amount of sand 
necessary to provide an absorption area of suitable siZe, Will 
vary Widely based on WasteWater ?oW rates to the system 
and based on ground or soil conditions beloW the unit and 
into Which the residual treated WasteWater is absorbed. 
Therefore, the embodiments presented herein are to be 
considered in all respects as illustrative and not restrictive. 
As such, this disclosure is intended to cover the structures 
described herein and not only structural equivalents thereof, 
but also equivalent structures. Numerous modi?cations and 
variations are possible in light of the above teachings. It is 
therefore to be understood that Within the scope of the 
appended claims, the invention(s) may be practiced other 
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Wise than as speci?cally described herein. Thus, the scope of 
the invention(s) is as described herein and as set forth in the 
appended claims, and as indicated by the draWing and by the 
foregoing description, is intended to include variations from beloW. 

TABLE 1 
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the embodiments provided Which are nevertheless described 
by the broad interpretation and range properly afforded to 
the plain meaning of the language of the claims set forth 

Summary of Laboratory Results and Statistical Analyses1 Glendon ® BioFilter Model M32 Poulsbo WA 

BOD mg./L TSS m_g./L Fecal Coliform CFU 

In?uent Effluent In?uent Effluent In?uent Effluent 

# of Valid Samples/ 39 47 40 48 39 48 
Range of Samples 148-726 <1-24 9-74 <1-5 1.9 x 103-1600 x 103 <1-402 
Average of Samples 423 5.8 34.1 1.6 2.94 x 105 13.4 
# of 30 Day Mean Values2/ 35 43 36 44 36 44 
Range of 30 Day Mean Values 270.5—562.1 1.8—21.7 20.0-55.8 1.0-2.3 9.6 x 103-9224 x 103 1.0—34.5 
Average of 30 Day 431 6.9 35.6 1.5 274.1 x 103 2.9 
Mean Values 
# of Effluent Mean Values 13 of 43 0 of 44 0 of 44 
>10/10/200/ 
# of 30 Day Means 
Range, Effluent 95.9-99.7 82.1-98.6 99.9-99.9 
Removal E?iciency, % 
Effluent Range 4.0-8.0 1.7-2.3 0—30.3 
@ 95% Con?dence 
Effluent Interquartile 2-8 1—1.6 1-1 
Range 
Median, Effluent 2 1 1 
Interquartile Range 

NOTES: 
1Lab results preceded by a > or < are treated as the number reported for use in all calculations. 

2BOD5 and TSS are arithmetic means. Fecal Coliform is geometric mean. 

[0056] Summary of Testing and Results 

[0057] A Glendon® BioFilter Model M32 Was tested at a 
residential site in Poulsbo, Wash. from Jul. 10, 2002 through 
May 8, 2003, a span of 302 calendar days that yielded 48 
effluent data days. A summary of the independent third part 
laboratory’s results and statistical analyses derived from 
these data is presented in Table 1. 

TABLE 2 

Glendon BioFilter Technologies, Inc. 
Model M32, Minder Road Site 

Effluent Removal Efficiency and 95% Con?dence Analysis 

GBT/WA DOH Report of M32 Testing 
Oct. 16, 2003 

Removal Removal Removal 
Sample In?uent FC Effluent E?iciency % In?uent Effluent E?iciency In?uent Effluent E?iciency 
Date CFU x 1,000 PC PC BOD5 BOD5 % BOD5 TSS TSS % TSS 

Baseline Test of In?uent Prior to M32 Installation 

May 10, 2002 NS 528 NS NS 
Jul. 1, 2002 System Startup 
Jul. 10, 2002 48 11 99.9 396 <1 99.7 22 2.8 87.3 
Aug. 1, 2002 <.001* 402 — 426 2 99.5 15 1.6 89.3 
Aug. 5, 2002 322 146 99.9 148 2 98.6 24 <1 95.8 
Aug. 8, 2002 >200 38 99.9 234 <2 99.1 28 5 82.1 
Aug. 13, 2002 1.9 <2 99.9 297 2 99.3 30 1 96.7 
Aug. 15, 2002 68 <1 99.9 393 <2 99.5 42 1.5 96.4 
Aug. 20, 2002 25 <1 99.9 372 <2 99.5 34 1.2 96.5 
Aug. 22, 2002 46 <1 99.9 333 <2 99.4 30 <1 96.7 
Aug. 27, 2002 10 <1 99.9 522 <2 99.6 21 1.6 92.4 
Sep. 12, 2002 80 <1 99.9 354 <2 99.4 22 1 95.5 
Sep. 26, 2002 190 <1 99.9 360 <2 99.4 32 1 96.9 
Oct. 10, 2002 17 <1 99.9 435 <2 99.5 32 <1 96.9 
Oct. 14, 2002 NS <1 — NS <2 — NS 3 — 
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TABLE 2-c0ntinued 

Effluent Removal E?iciencv and 95 % Con?dence Analysis 

Glendon BioFilter Technologies, Inc. 
Model M32, Minder Road Site 

GBT/WA DOH Report of M32 Testing 
Oct. 16, 2003 

Removal Removal Removal 
Sample In?uent FC Effluent Efficiency % In?uent Effluent E?iciency In?uent Effluent E?iciency 
Date CFU x 1,000 FC FC BOD5 BOD5 % BOD5 T55 T55 % TSS 

Oct. 18, 2002 NS <1 — NS <2 — NS <1 — 

Oct. 21, 2002 NS <1 — NS <2 — NS <1 — 

Oct. 24, 2002 8.3 <1 99.9 336 <2 99.4 35 2 94.3 
Renters Moved Out ~Oct. 30, 2002. NeW Renters Occupied Nov. 20, 2002 — System Idle for ~20 Days 

n 12 16 13 16 13 16 
*Mean 84683 38 354 2 28 2 
*Std 100118 104 93 0.3 7 1 
Deviation 
t @ 95% 2.201 2.131 2.179 2.131 2.179 2.131 
con?dence 
LoWer Bound 21.071 —17.406 298 1.84 23.771 1.467 
Upper Bound 148.295 93.406 410 2.16 28.229 2.553 
Nov. 26, 2002 11 <1 99.9 471 5 98.9 9 <1 88.9 
Dec. 3, 2002 NS <1 — NS 19 — NS <1 — 

Dec. 5, 2002 NS <1 — NS Invalid — NS <1 — 

Dec. 10, 2002 210 <1 99.9 423 16 96.2 19 1 94.7 
Dec. 12, 2002 NS <1 — NS 14 — NS 5 — 

Dec. 17, 2002 NS <1 — NS 15 — NS 1.5 — 

Dec. 19, 2002 410 <1 99.9 423 9 97.9 17 1 94.1 
Dec. 26, 2002 NS <1 — NS 8 — NS 2 — 

Jan. 2, 2003 1600 <1 99.9 330 7 97.9 33 4 87.9 
Jan. 9, 2003 800 <1 99.9 327 8 97.6 37 <1 97.3 
Jan. 14, 2003 1060 <1 99.9 642 <2 99.7 39 1 97.4 
Jan. 17, 2003 1200 <1 99.9 480 <2 99.6 37 <1 97.3 
~Jan. 20, 2003 Shutdown/Simulate TWo Week Vacation 
n 19 28 20 27 20 28 
cumulative 
*Mean 331958 22 385 5 28 2 
*Std 476008 80 105 5 9 1 
Deviation 
t @ 95% 2.101 2.052 2.093 2.056 2.093 2.052 
con?dence 
LoWer Bound 102.526 —9.02 336 3.022 24 1.612 
Upper Bound 561.389 53.02 434 6.978 32 2.338 
~Feb. 6, 2003 Resume FloW 
Feb. 12, 2003 660 1 99.9 585 24 95.9 74 3 95.9 
Feb. 18, 2003 450 <1 99.9 594 24 96 41 <1 97.6 
Feb. 20, 2003 600 <1 99.9 573 20 96.5 47 <1 97.9 
Feb. 25, 2003 660 <1 99.9 555 2 99.6 65 <1 98.5 
Feb. 28, 2003 270 <1 99.9 315 8 97.5 47 <1 97.9 
Mar. 3, 2003 Renters Moved Out 
Mar. 4, 2003 116 1 99.9 669 18 97.3 61 1 98.4 
Mar. 6, 2003 400 <1 99.9 726 16 97.8 74 <1 98.6 
n 26 35 27 34 27 35 
cumulative 
*Mean 363969 18 434 7 36 2 
*Std 419903 71 138 7 17 1 
Deviation 
tor Z @ 95% 2.060 1.96 2.056 1.96 2.056 1.96 
con?dence 
Lower Bound 194.328 —5.523 379 4.647 29 1.669 
Upper Bound 533.610 41.523 489 9.353 43 2.331 
Mar. 29, 2003 NeW Renters Occupied House — System Idle for ~26 Days 
Apr. 7, 2003 360 <1 99.9 NS <2 — 38 1 97.4 
Apr. 10, 2003 360 <1 99.9 360 2 99.4 31 <1 96.8 
Apr. 15, 2003 130 <1 99.9 312 <2 99.4 23 2 91.3 
Apr. 17, 2003 70 <1 99.9 591 <2 99.7 34 <1 97.1 
Apr. 21, 2003 60 <1 99.9 336 <2 99.4 30 4 86.7 
Apr. 23, 2003 40 <1 99.9 357 <2 99.4 35 3 86.6 
Apr. 24, 2003 10 <1 99.9 423 <2 99.5 30 <1 96.7 
Apr. 28, 2003 40 <1 99.9 417 <2 99.5 39 1 97.4 
Apr. 30, 2003 420 <1 99.9 267 <2 99.2 27 1 96.3 
May 1, 2003 420 <1 99.9 492 <2 99.6 26 <1 96.2 
May 5, 2003 36 <1 99.9 429 <2 99.5 22 1 95.5 
May 7, 2003 28 <1 99.9 327 <2 99.4 34 1 97.1 

Sep. 22, 2005 












